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ABSTRACT
We report results from the XMM–Newton observation of the radio–loud quasar PG 1425+267
(z=0.366). The EPIC–pn data above 2 keV exhibit a double–peaked emission feature in the Fe
K band. The higher energy peak is found at 6.4 keV and is consistent with being narrow, while
the lower energy one is detected at 5.3 keV and is much broader than the detector resolution.
We confirm the significance of the detection of the broad red part of the line via Montecarlo
simulations (99.1 per cent confidence level). We explore two possible origins of the line pro-
file i.e. a single relativistic iron line from the accretion disc, and the superposition of a narrow
6.4 keV line from distant material and a relativistic one. We find that a contribution from a
distant reflector is not required by the data. We also perform a time–resolved analysis search-
ing for short timescale variability of the emission line. Results tentatively suggest that the
line is indeed variable on short timescales (at the 97.3 per cent confidence level according to
simulations) and better quality data are needed to confirm it on more firm statistical grounds.
We also detect clear signatures of a warm absorber in the soft X–ray energy band.
Key words: line: profile – black hole physics – relativity – galaxies: active – X-rays: galaxies
– quasars: individual: PG 1425+267
1 INTRODUCTION
The relativistic broad Fe line is one of the best signatures of the ac-
cretion disc we have been able to collect so far from X–ray observa-
tions and represents a unique tool to probe the strong gravity regime
of General Relativity in a way unaccessible to other wavelengths.
The best examples to date are probably the Seyfert galaxy MCG–
6-30-15 (Tanaka et al 1995; Wilms et al 2001; Fabian et al 2002)
and the Galactic black hole candidate XTE J1650–500 (Miller et al
2002; Miniutti, Fabian & Miller 2004) though many other sources
of both classes have broad Fe lines. On the other hand, XMM–
Newton and Chandra have revealed that a narrow Fe Kα emission
line is ubiquitous in the X–ray spectra of bright Seyfert galaxies
(e.g. Page et al 2004; Yaqoob & Padmanabhan 2004). Such un-
resolved Fe lines are most likely emitted by a reflector located at
some distance from the central nucleus, i.e. the outermost accre-
tion disc and/or even more distant matter such as the torus or the
broad line region clouds.
In high luminosity Active Galactic Nuclei such as quasars,
the Fe Kα (narrow or broad) was not observed very often before
the advent of a large effective area observatory such as XMM–
Newton (and, more specifically, the EPIC–pn detector on board of
the XMM–Newton observatory). In the last few years, the X–ray
spectra of a relatively large sample of quasars (about 40 of them)
collected by XMM–Newton has revealed that Fe Kα emission lines
⋆ miniutti@ast.cam.ac.uk
are relatively common in quasars as well. The recent results by Por-
quet et al (2004a) and Jime´nez–Bailo´n et al (2005) highlight that a
Fe emission line is detected in about half of the quasars, with broad
lines seen in less than 10 per cent of the cases (see also Schartel et
al 2005). Moreover, the average properties of the Fe lines seen in
quasars seem to be very similar to those inferred for lower lumi-
nosity Seyfert galaxies.
As for broad lines, it should be stressed that the their detec-
tion represents an observational challenge, especially in the most
luminous (distant) quasars due to limited statistics. Broad lines are
relatively easy to detect if the disc is truncated at relatively large
radii and/or the emissivity profile is not much centrally concen-
trated so that the line is not very broad and can be distinguished
from the X–ray continuum. On the other hand, if the black hole is
rapidly spinning so that the disc can extend down to small radii,
and the emissivity is centrally concentrated (as it should be), the Fe
line becomes very broad and its little contrast against the contin-
uum represents a challenge even for large collecting area detectors
such as those on board of XMM–Newton (see Fabian & Miniutti
2005 for a discussion). In this case, the relativistic Fe line can be
detected easily only if the source is characterised by i) super–solar
Fe abundance and/or ii) very large reflection component. It is in-
teresting, and possibly indicative of a bias induced by our present
observational capabilities, that the best examples we have so far,
even in the case of nearby Seyfert galaxies, always seem to meet
the two above conditions (see e.g. Fabian et al 2002; 2004).
Here we present results on the discovery of a broad relativis-
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tic Fe line in the X–ray spectrum of a moderate redshift (z=0.366)
radio–loud quasar, PG 1425+267. This quasar is moderately X–ray
weak compared to other radio–loud quasars and exhibits a clear
double–lobed radio structure (Laor et al 1997; Brandt, Laor & Wills
2000). To our knowledge, the presence of a Fe emission line in
PG 1425+267 was first revealed by ASCA observations (Reeves
& Turner 2000) where an equivalent width of about 120 eV was
detected. We also study the short–timescale variability of the iron
emission line in PG 1425+267. Short–timescale variability of emis-
sion features in the Fe K band has been reported previously in
other active nuclei and represents one of the most exciting areas
of X–ray astronomy, with the potential of mapping the innermost
regions of the accretion flow with great accuracy (see e.g. Nandra et
al 1997; Iwasawa et al 1999; Turner et al 2002; Petrucci et al 2002;
Guainazzi 2003; Yaqoob et al 2003; Longinotti et al 2004; Turner,
Kraemer & Reeves 2004 for some examples). In one case, such a
study revealed evidence for orbital motion in the relativistic region
of the accretion disc close to the black hole providing a remarkable
probe of the dynamics of accreting matter and of the geometry and
nature of the spacetime as predicted by Einstein’s theory of General
Relativity (the Seyfert galaxy NGC 3516, see Iwasawa, Miniutti &
Fabian 2004).
2 THE XMM–NEWTON OBSERVATION
PG1425+267 was observed by XMM–Newton during revolution
482 on 2002 July 28 for a total exposure of about 57 ks. The XMM–
Newton observation is affected by high background throughout the
exposure. We extracted the spectra by selecting good–time intervals
in such a way that the background contribution in the most inter-
esting (see below) rest–frame 4–7 keV band is less than 4 per cent.
The net exposure is 28 ks in the EPIC–pn camera, while the obser-
vation duration (from first to last good–time interval) is reduced to
about 48 ks. If the net exposure is reduced by half with a more con-
servative background subtraction, the results presented below are
unaffected (though error bars are obviously slightly larger). Here-
after, errors are quoted at the 90 per cent confidence level for one
parameter of interest unless specified otherwise.
3 THE HARD SPECTRUM AND FE K BAND
We consider the EPIC–pn spectrum only, because of its higher sen-
sitivity than MOS in the Fe K band. We restrict our analysis to
the hard 2–11.6 keV band in the source rest–frame. All fits include
Galactic absorption in the line of sight (1.76 × 1020 cm−2). We
start by considering a single power law model and find a slope of
Γ = 1.46 ± 0.05. However, clear residuals are left below about
5 keV (about 6.8 keV in the source rest–frame). The data to model
ratio for this fit is shown in the top panel of Fig. 1, where the energy
corresponding to neutral iron Kα emission (6.4 keV in the rest–
frame) is also shown as a vertical line. The residuals are suggestive
of a asymmetric and possibly double–peaked iron line profile such
as that expected from reflection in an accretion disc.
We then add a Gaussian emission line to the simple continuum
model. We obtain an improvement of ∆χ2 = 13 for 3 degrees of
freedom (dof) for a line energy of 6.41±0.17 keV. Throughout the
paper, line energies are given in the rest–frame unless specified oth-
erwise. The line is resolved and has a width of σ = 0.28+0.41
−0.17 keV.
We measure a line equivalent width of about 150 eV. However, this
value has to be corrected because of the galaxy redshift and is about
Figure 1. In the top panel, we show the data to model ratio for a model
comprising Galactic absorption plus power law. Clear residuals in the form
of a double–peaked emission feature are seen in the 3.4-5.1 keV band (4.6–
7 keV keV in the rest–frame). In the bottom panel the ratio is relative to a
model including one Gaussian emission line at ∼ 6.4 keV. The vertical line
shows the rest–frame energy of the neutral Fe Kα emission line (6.4 keV).
Data have been rebinned for visual clarity.
205 eV at 6.4 keV in the rest–frame. Residuals are still present in
the form of a broad emission feature at lower energy, as shown in
the bottom panel of Fig. 1. We then add a second Gaussian emission
line to account for the lower energy residuals. This improves the
statistics by a further ∆χ2 = 11 for 3 more free parameters with a
final result of χ2 = 281 for 304 dof. The second Gaussian line is
redshifted with respect to 6.4 keV with energy of 5.3±0.2 keV and
is broad (σ = 0.4+0.7
−0.2 keV) with respect to the EPIC–pn spectral
resolution. The equivalent width of this lower energy line is about
180 eV in the source rest–frame. Now that both lines are included,
we re–compute best–fitting parameters and errors and give our fi-
nal results in Table 1. With the addition of the lower energy broad
line, the 6.4 keV emission line becomes consistent with being un-
resolved (less than 400 eV in width).
We also tested a different continuum model in which the pri-
mary continuum is partially covered by a column of gas local to the
source. This model is implemented by adding the ZPCFABS model
in XSPEC to the power law continuum plus Galactic absorption.
The partial covering model has column density (NH ) and covering
fraction (fc) of the absorber as free parameters and has the poten-
tial of reducing the strength of the broad redshifted emission line
(because it induces curvature in the continuum). We also include
a ∼ 6.4 keV Gaussian emission line. We obtain an acceptable fit
(χ2 = 286 for 305 dof to be compared with χ2 = 281 for 304 dof
for the double Gaussian model). The partial covering parameters
are not well constrained with an upper limit on the column density
ofNH < 2×1023 cm−2 and a covering fraction between 30 and 95
per cent. Moreover, residuals are still present around 5.3 keV. This
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Figure 2. Contours in the flux–energy plane when a Gaussian filter is ap-
plied to the data modelled with a power law continuum. The contours rep-
resent an improvement in χ2 of 4.61, 6.17, 9.21, 11.8 for the addition of
two parameters. The vertical lines are the best–fit energies of the emission
lines when a phenomenological double Gaussian model is used.
is because, the emission at 5.3 keV (see bottom panel of Fig. 1)
is more peaked than predicted by a partial coverer. Indeed, the ad-
dition of a second Gaussian emission line at 5.3 keV marginally
improves the partial covering fit by ∆χ2 = 6 for 3 more free pa-
rameters. When the second Gaussian is added, the partial covering
parameters become totally unconstrained with best–fitting values
tending to eliminate any absorber contribution. Therefore, partial
covering potentially reduces the significance of the 5.3 keV line
but, though not excluded, such a scenario is certainly not required
by the data which do prefer a solution in terms of the double Gaus-
sian model. Better quality data are needed to clarify this issue with
less ambiguity. In the analysis below we shall consider a simpler
continuum model in which the X–ray continuum does not suffer
from partial covering complex absorption.
The overall line profile can be better illustrated as follows: we
fit the data with the power law continuum model (plus cold absorp-
tion with column fixed to the Galactic value), add a Gaussian emis-
sion line model, and step on line energy and normalisation in the
ranges 4–8 keV and 0–2.5× 10−5 ph cm−2 s−1 respectively1. We
then record the ∆χ2 with respect to the original continuum model
and compute the confidence contour levels. In Fig. 2, we show the
result of this exercise. The contours represent an improvement in
χ2 by 4.61, 6.17, 9.21, and 11.8 for two more degrees of freedom
(from the outermost to the innermost) and the vertical lines are the
best–fitting energies from the double Gaussian model.
3.1 Statistical significance of the redshifted broad line
A narrow iron line at 6.4 keV is ubiquitous in the X–ray spectra of
AGNs, and begins to be detected often in quasars as well (Page et al
2004; Yaqoob & Padmanabhan 2004; Jime´nez–Bailo´n et al 2005).
In our double Gaussian best–fit model, the width of the 6.4 keV
line is unconstrained, and only an upper limit of 400 eV can be
computed. The line energy and width are thus consistent with that
of neutral Fe Kα emission from distant material (torus or broad line
region).
However, the overall line profile (see top panel of Fig. 1 and
Fig. 2) is reminiscent of a double–peaked line profile such as
that theoretically expected from the accretion disc and shaped by
1 We fix the width of the Gaussian filter to a value compatible with both
detected lines (200 eV, see Table 1).
Doppler and gravitational energy shifts due to high velocity and
strong gravity in the vicinity of the central black hole. The detec-
tion of a relativistic Fe line from the accretion disc in a radio–loud
quasar is much more interesting than that of a narrow Fe line and
therefore deserves a detailed significance study. Below, we perform
a test on the significance of the broad part of the line profile making
use of Montecarlo simulations.
3.1.1 Montecarlo simulations
We carried out a test on the broad line detection significance by
extending the method presented by Porquet et al (2004). The pes-
simistic assumption is that the blue peak at 6.4 keV is completely
due to unresolved narrow emission (e.g. reflection from distant mat-
ter) and is not part of a relativistic profile. We here test only the sig-
nificance of the broad part of the line (that modelled by the 5.3 keV
Gaussian line in the double Gaussian model). If the overall line pro-
file is due to a relativistic double–peaked line without much contri-
bution from an unresolved component, the test clearly underesti-
mates the significance of the relativistic line and represent a most
conservative lower limit.
We use the best–fitting parameters of a power law plus nar-
row 6.4 keV model as our null hypothesis. The 6.4 keV peak of
the line is well reproduced by the model. As throughout the paper,
the model includes Galactic absorption with fixed column density.
As mentioned, residuals do appear as a broad emission feature at
5.3 keV (bottom panel of Fig. 1) and the purpose of the following
exercise is to assess the probability that they are due to noise in the
data. The procedure is as follows:
(i) starting from the null hypothesis model, we simulate a spec-
trum with the same exposure as in the data and subtract the appro-
priate background;
(ii) the spectrum is fitted with the model used to generate it, and
parameters are recorded, providing a new and refined null hypoth-
esis model which differs from the original due to photon statistics
only;
(iii) we use this refined model to generate a simulated spectrum,
subtract the appropriate background, fit it with the power law plus
narrow 6.4 keV line, and record the χ2. We then add a second Gaus-
sian emission line, vary its energy in the 4–8 keV range, fit the data
at each step with line width and normalisation free to vary, and we
record the best–fitting parameters and the maximum ∆χ2;
(iv) we repeat the above steps 1000 times and obtain the dis-
tribution of ∆χ2, to be compared with the result obtained from
the data. The addition of the second Gaussian in the data gives an
improvement of ∆χ2 = 11.4 with respect to the null hypothesis
model.
This procedure gives us an estimate on the significance of the broad
red wing of the line under the hypothesis that a narrow 6.4 keV line
is present. Moreover, step (ii) ensures that the uncertainty in the
null hypothesis is properly taken into account because each spec-
trum used to compare with the data is obtained from a different
realisation of the hypothesis, which differs from the original due to
photon counting statistics.
In Fig. 3 we show the measured ∆χ2 distribution from the
1000 simulated spectra and compare it with the result from the data
(horizontal line). The simulations show that the probability to de-
tect a line (broad or narrow) in the whole 4–8 keV band and pro-
ducing the same (or better) statistics than the broad part of the line
in the real data is 9/1000, i.e. the broad part of the line is significant
at the 99.1 per cent level. As mentioned, this figure represents the
c© 2001 RAS, MNRAS 000, 1–??
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Figure 3. Distribution of the maximum ∆χ2 obtained when the 1000 sim-
ulated spectra are fitted with the null hypothesis model plus an additional
Gaussian emission line. The ∆χ2 is with respect to the null hypothesis fit.
The horizontal line is the result obtained by applying the same procedure to
the data. Only 9 spectra show evidence for an additional emission line with
the same or higher ∆χ2 as that obtained in the data. Therefore, the broad
part of the line seen in the real data is significant at the 99.1 per cent level.
most conservative lower limit for the significance of the relativistic
line as a whole.
3.2 Direct spectral fitting
The observed line profile (see Fig. 1 and 2) is very similar to that
expected from an accretion disc extending down in the relativistic
region close to the black hole. As demonstrated above, the broad
part of the line is significant at the 99.1 per cent level. The 6.4 keV
peak is however consistent with being unresolved. We then test two
different possible scenarios by direct spectral fitting. In the first one,
the whole line profile is due to reflection from the accretion disc,
while in the second case, we allow a narrow 6.4 keV component to
be present.
3.2.1 A single relativistic iron line
The single relativistic line hypothesis can be tested by re–fitting
the data with a DISKLINE component only (Fabian et al 1989). The
model describes the line profile expected if the Fe line is emitted
from the accretion disc around a non–rotating black hole. We keep
the energy of the line fixed at 6.4 keV and fix the outer and inner
disc radii to 1000 rg and 6 rg respectively (as appropriate if the disc
extends down to the innermost stable circular orbit). The results of
this test are reported in Table 1 and the fit is of the same statistical
quality than that with two Gaussian emission lines (which is how-
ever more phenomenological than physically motivated). The F–
test for the addition of the relativistic line with respect to the power
law continuum gives a significance larger than 99.99 per cent. The
disc inclination is well constrained (i = 34+5
−9 degrees) and the
emissivity profile is only marginally steeper than q = 2.5.
We also tested if emission from radii smaller than 6 rg is re-
quired by using the LAOR model, appropriate for Kerr black holes
(Laor 1991). If so, this would suggest that the black hole is spinning
because the accretion disc can extend within 6 rg only if the spin is
different from zero. However, we did not find any conclusive result,
with a 90 per cent upper limit on the inner disc radius of 16 rg (the
outer disc radius is fixed at its maximum allowed value of 400 rg).
If the emissivity index is fixed at its standard value of q = 3 the
upper limit reduces to 8.5 rg which is still consistent with a disc
around a non–spinning black hole. Thus, we conclude that the data
Parameter Blue Line Red Line
TWO GAUSSIAN
E (keV) 6.4± 0.2 5.3± 0.2
σ (eV) < 400 400+700
−200
EW (eV) 205+135
−150
180
+280
−110
χ2/dof = 281/304
DISKLINE
E (keV) – 6.4f
σ (eV) – –
EW (eV) – 410+240
−150
rin (rg ) – 6f
rout (rg) – 1000f
q – 4.1+2.5
−1.4
i (degrees) – 34+5
−9
χ2/dof = 282/307
GAUSSIAN + DISKLINE
E (keV) 6.6+0.37p
−0.2p 6.4
f
σ (eV) 10f –
EW (eV) < 80 400+300
−180
rin (rg ) – 6f
rout (rg) – 1000f
q – > 2.7
i (degrees) – < 38
χ2/dof = 282/305
Table 1. Results of the spectral fitting of the hard EPIC–pn spectrum of
PG 1425+267 with the different models we explored. Here the symbol f
means that the parameter has been fixed, while the symbol p denotes that the
parameter pegged to the lower and/or higher allowed boundaries. Energies
and equivalent widths (EW) are corrected for the galaxy redshift.
are consistent with any black hole spin from zero to maximal, and
that black hole spin is not required by the data.
3.2.2 A narrow and a relativistic broad iron line
To explore the possibility that the 6.4 keV peak of the line is due
(or partly due) to the presence of an unresolved narrow component
(e.g. from distant matter), we consider a composite model with a
narrow Gaussian emission line and a relativistic one. We fix the
width of the Gaussian line to 10 eV and retain the DISKLINE model
as above. We find a good fit with the same statistical quality as the
previous one. However, many of the parameters are unconstrained
because of a clear degeneracy. In particular, since the disc inclina-
tion is related to the blue horn of the relativistic line, it can not be
constrained simultaneously with the narrow Gaussian energy and
flux. The same is true for the emissivity index. Therefore the narrow
Gaussian energy ranges in all the allowed range (6.4–6.97 keV), its
normalisation is only an upper limit, and both the disc emissivity
and inclination are measured only as a lower and upper limit re-
spectively. We therefore conclude that some contribution to the blue
peak from a narrow Gaussian emission line can not be excluded but
is not required by the data.
3.2.3 The reflection continuum
The most likely interpretation is that we are observing Fe emis-
sion whose detailed line profile is shaped by special and general
c© 2001 RAS, MNRAS 000, 1–??
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Figure 4. Confidence contour for the (relativistically blurred) reflection
fraction and photon index. The contours represent region of 68, 90, and
99 per cent confidence.
relativistic effects in the inner regions of the accretion disc. Since
the emission line we observe is a signature of X–ray reflection,
we replace the power law continuum with a PEXRAV reflection
model (Magdziarz & Zdziarski 1995) with cut–off energy fixed
to 100 keV and solar abundances. If the reflector is the accretion
disc, as it seems likely from the line profile, the reflection con-
tinuum is also broadened and blurred by the relativistic effects.
We then apply self–consistently the same relativistic blurring to
the line and to the reflection continuum and show in Fig. 4 the
confidence contour for photon index and reflection fraction. A re-
flection continuum is not required by the data, but we cannot ex-
clude it, with a 90 per cent upper limit on the reflection fraction of
∼ 1.2. Notice that the inclusion of the reflection continuum does
not change the parameters of the relativistic Fe line. With our best–
fit DISKLINE model, the (observed–frame) 2–10 keV flux turns out
to be 1.6 × 10−12 erg cm−2 s−1, corresponding to a rest–frame
luminosity of 6.4× 1044 erg s−1.
4 SHORT–TIMESCALE VARIABILITY OF THE LINE
PROFILE?
Time–resolved spectroscopy has the great potential of revealing
more clearly the origin of the emission feature. If the Fe line we see
in the data is coming from the inner accretion disc, some variability
could be present. We then investigate below such a possibility by
splitting the observation in different equal duration intervals.
4.1 Splitting the observation in two halves
We split the observation in two equal duration intervals about 24 ks
long and subtract from the two spectra the corresponding back-
ground. Due to background flares, the net exposure in the two spec-
tra is slightly different and much shorter than 24 ks. We fit the two
spectra with the same power law model plus Galactic absorption
as above and add Gaussian emission lines if required. We also re-
peat the procedure used to produce to Fig. 2 and present our re-
sults in Fig. 5. We find one significant emission line in the first
half of the observation at 6.5 ± 0.2 keV, while a lower energy
line at 5.4 ± 0.3 keV is detected only marginally. In the second
half, two emission lines are clearly detected at 5.1 ± 0.2 keV, and
6.2 ± 0.3 keV. The different styles of the vertical lines distinguish
between clear and marginal detections.
The line profile appears to be different in the two halves of the
observation with the strongest of the peaks seen at 6.5±0.2 keV in
Figure 5. Same as Fig. 2 but for the first half (top) and the second half
(bottom) of the observation. The vertical lines are the best–fit energies from
the spectral fits with a power law plus Gaussian(s) model. Different line
styles are attributed to secure and marginal detections.
the first half and at 5.1+0.2−0.1 keV in the second. However, it is clear
that claiming variability on firm statistical grounds is a difficult task
because emission above the continuum seems to be present at any
given energy between 4.8 keV and 6.6 keV in both intervals. In fact
the intensity of the stronger line at 5.1 keV in the second half is
8.4+6.2
−5.4 × 10
−6 ph cm−2 s−1. If a line with the same energy (and
width) is fitted to the first half spectrum, we obtain a 90 per cent
upper limit of 4.5 × 10−6 ph cm−2 s−1 on its intensity. The two
intensities are (though somewhat marginally) consistent with each
other, so that no variability can be claimed. A detailed discussion on
the significance of the variability is deferred to a shorter timescale
analysis below.
Here we just mention that, if real, the variation would suggest
that different regions of the accretion disc are responsible for the
Fe line emission in the two intervals. In particular, the reversal in
the prominence of the peaks (from blue to red) is a signature that,
in the second half of the observation, emission comes from a more
redshifted region of the disc than during the first half, such as a the
region on the disc receding from the observer.
4.2 Splitting the observation in four quarters
In order to understand if the tentative variability of the line profile
is real we consider a shorter timescale analysis. It is in fact possible
that the variability happens at shorter timescales than explored so
far and that it is diluted by time–averaging on too long intervals.
We then split the observation in four equal duration duration inter-
vals about 12 ks long, and subtract from the four spectra the cor-
responding backgrounds. Due to randomly distributed background
flares, the net exposure in the spectra is not always the same and
always shorter than 12 ks (which is the total observation time, not
c© 2001 RAS, MNRAS 000, 1–??
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Figure 6. Left Panels: The observation of PG 1425+267 is divided into 4 quarters (about 12 ks total duration each but shorter net exposures). From top to
bottom, the evolution of the iron line profile can be seen suggesting dramatic short–timescale variability. Right Panels: Same as in the left panels, but for the
quasar PG 1114+445, taken as comparison. The individual spectra have approximately the same number of counts than in the case of PG 1425+267 in the
4–8 keV band and are selected to be contiguous in the observation. Nothing like the variability suggested in PG 1425+267 (see left panels) can be seen.
the net exposure). This prevents us to investigate shorter timescales
which do not provide good enough quality spectra.
We fit the four spectra separately with the same power law
plus Galactic absorption model used for the time–averaged data
and add Gaussian emission lines if required. We also repeat the
procedure that produced Fig. 2 and present our results in the left
panels of Fig. 6. Emission lines are detected in the first, second,
and fourth interval. In the third interval, no line is clearly detected.
As an indication, we show a low–significance contour representing
c© 2001 RAS, MNRAS 000, 1–??
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an improvement in χ2 between 2.3 and 4.61 (for two degrees of
freedom).
There is no clear pattern in the evolution shown in the left
panels of Fig. 6, except that the blue peak seems to shift to lower
and lower energies as time goes on, although the energy shift is
significant only from the first (6.6 ± 0.2 keV) to the last quarter
(6.1 ± 0.2 keV). The energy of the blue peak in the last quar-
ter (lower than 6.4 keV considering the 2σ errors) excludes that
a neutral and constant 6.4 keV Fe line from distant material con-
tributes strongly to the overall line profile. Below 6 keV, the line
profile variation appears to be more erratic. This is expected if the
line comes indeed from the inner accretion disc. In this case, the
blue peak energy is mainly dictated by the observer inclination (the
larger the inclination the higher the maximum energy at which the
line can be seen), while the red part of the line is more sensitive
to the details of the emitting region location on the disc and is ex-
pected to vary more erratically.
Before making any comment it is however necessary to esti-
mate the significance of the variations that seem to appear in the
different intervals. To do so, we make use once again of Monte-
carlo simulations. The idea is to see whether the line profile is sig-
nificantly different in the four spectra.
4.3 Statistical significance of the variability
We first fit jointly the four time intervals spectra with the double
Gaussian best–fit model to time–averaged data. The lines parame-
ters are free to vary but forced to be the same in all four intervals
while the power law slope and normalisation are allowed to be dif-
ferent in the four intervals (we checked that forcing them to be the
same does not change our conclusions). In this way we are testing
the goodness of the fit under the hypothesis that the line profile is
the same in all intervals (i.e. constant in time) and we record the χ2
for the best–fitting parameters. To test if the line profiles are differ-
ent in the four intervals (i.e. the line is variable), we then allow the
line parameters to vary independently in the four spectra, fit again
the data, and record the ∆χ2 with respect to the previous “con-
stant line profile” fit. We obtain ∆χ2 = 31.5 which will be used
as a figure for the Montecarlo simulations which are performed as
follows:
(i) our null hypothesis is now the double Gaussian “constant line
profile” best–fit model to the time–averaged spectrum. This is used
to generate a time–averaged spectrum which is fitted to obtain a re-
fined null hypothesis which includes the uncertainties due to photon
statistics;
(ii) the new null hypothesis model is used to generate four sim-
ulated spectra with the same exposures as the four intervals se-
lected from the real data and appropriate background spectra are
subtracted;
(iii) we fit jointly the four simulated spectra forcing the line pa-
rameters to be the same (i.e. forcing the line profile to be constant
in time) and record the χ2. We then allow the line profile to be dif-
ferent in the four spectra (i.e. we allow for a variable line profile)
and record the ∆χ2 which is compared to the result obtained on
the real data with the same procedure (∆χ2 = 31.5).
The above procedure is repeated 1000 times. In Fig. 7 we show the
∆χ2 distribution from the simulated spectra and compare it with
the result obtained from the data. There are 27/1000 cases in which
the resulting maximum ∆χ2 is as good or better as the result from
the data. This means that the line profile variations in the real data
are significant at the 97.3 per cent level.
Figure 7. Distribution of the maximum ∆χ2 obtained when the four simu-
lated spectra are fitted jointly with the double Gaussian model but allowing
the line parameters to be different in the four spectra. The ∆χ2 is com-
puted with respect to the best–fit double Gaussian model in which the line
parameters are free to vary, but forced to be the same in the four spectra.
The horizontal line is the result obtained with the same procedure on the
real data. In 27/1000 cases we find a larger (or equal) ∆χ2 than in the data,
so that the line profile variations in the data are significant at the 97.3 per
cent level.
4.4 A plausibility test: the case of PG 1114+445
Here we produce a further test for the line variability with the
aim of answering the following question: if the line profile in
PG 1425+267 was constant, would the EPIC–pn camera suggest
a spurious variability or would it be able to show that the line
is indeed not variable? This question has already been answered
through Montecarlo simulations. However, we present also a com-
parison with some real data as a complementary indication.
We searched for a XMM–Newton observation of a PG quasar
from the sample collected and analysed by Jime´nez–Bailo´n et al
(2005). We were looking for a quasar in which a narrow iron line is
detected with the same intensity (or fainter) than the 6.4 keV peak
in PG 1425+267 and in which the upper limit on the presence of
a relativistic broad line is small. This is because if the iron line is
truly narrow and no or little contribution from a broad component
is seen, the most likely origin from the line is some distant reflector
such as the torus and/or the broad line region and therefore one
expects that the line is constant in time. The line must be of the
same intensity as in PG 1425+267 to provide a fair comparison.
The best candidate in the sample is PG 1114+445 (z=0.144).
In this quasar, Jime´nez–Bailo´n et al (2005) report the presence of a
narrow 6.4 keV emission line with equivalent width of 100+30
−40 eV,
while the upper limit on a broad component is only 33 eV (see
also Porquet et al 2004a). We downloaded the data from the
XSA archive and reduced them using the standard procedures. We
here report results from the EPIC–pn detector only. The observa-
tion is about 40 ks long. We confirm the detection of a narrow
6.40 ± 0.04 keV line in the time–averaged spectrum with a rest–
frame equivalent width of 140+30−60 eV. The line is unresolved and
the contribution from a broad component (or other fainter peaks)
in the whole 4–8 keV band is constrained to be very small (see
Fig. 8). Notice that the Fe line in PG 1114+445 has the same in-
tensity (4.7+3.1−2.1 × 10−6 ph cm−2 s−1) as the 6.4 keV peak in
PG 1425+267 (5.5+3.6
−4.0×10
−6 ph cm−2 s−1), and a slightly smaller
rest–frame equivalent width, thereby satisfying our requirements.
As for the more relevant variability study, we selected four
consecutive time–intervals in the observation. The exposure in the
individual intervals is chosen so that each spectrum has the same
number of counts in the relevant 4–8 keV band as the equivalent
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Figure 8. Ratio of the spectrum of PG 1114+445 to a simple power law plus
Galactic absorption model. We confirm the detection of a narrow 6.4 keV
Fe Kα emission line. The iron Kα line energy (6.4 keV) is shown in the
observed frame as a vertical line. Data have been rebinned for visual clarity.
spectrum obtained when the observation of PG 1425+267 is split
into quarters. In this way we make sure that the same photon statis-
tics is reached in the band and the quality of the data is the same.
We then repeat the same procedure applied to PG 1425+267 and
report the results in the right panels of Fig. 6. We detect a 6.4 keV
line in all time–intervals (see Fig 6, right panels). The detection
is somewhat marginal in the first three intervals (∆χ2 6 9 for 2
more free parameters), but the presence of an emission feature at
the same energy in all intervals is, in our opinion, conclusive.
What the right panels of Fig. 6 show is that, in the case of
an emission line with the same intensity of the 6.4 keV peak in
PG 1425+267, the XMM–Newton data allow us to detect a con-
stant line, and to rule out any strong variability at the level seen
in PG 1425+267 (left panels of the same Figure). No shift in the
line energy is seen, contrary to the case of PG 1425+267 and
no other emission–like structures do appear in any of the inter-
vals in the whole 4–8 keV band. If the redshifted features seen in
PG 1425+267 and the shift in the energy of the 6.4 keV peak were
due to noise, it is surprising that we do not detect any of this in the
case of PG 1114+445 given that the spectra have the same number
of counts. Thus, by comparing the left (PG 1425+267) and right
(PG 1114+445) panels of Fig. 6, it seems unlikely that the variabil-
ity we are suggesting for PG 1425+267 is completely due to noise.
Of course we can not, and do not, consider this simple test as
a clear demonstration that the line profile in PG 1425+267 is in-
deed rapidly variable. However, we report here the result of this
straightforward comparison as an additional plausibility argument
in favour of the variability, the strict statistical significance of which
is established to be at the 97.3 per cent level according to our Mon-
tecarlo simulations. Obtaining a better quality long observation of
PG 1425+267 with XMM–Newton would allow us to confirm/rule
out the short–timescale variability that is tentative and only sug-
gested here, and to apply more sophisticated data analysis tech-
niques (see Iwasawa, Miniutti & Fabian 2004) with the potential of
mapping with great accuracy the inner accretion flow in a quasar.
5 SOME SPECULATION
Given that the significance of the variability is below 99 per cent, a
detailed modelling is not only difficult, but also not recommended.
It is however an interesting exercise to try to qualitatively repro-
duce the apparent variations of the line profile to gain insights on
the location of the emitting region. The tentative line profile vari-
ations seen in Fig. 5 and 6 suggest that different regions of the
accretion disc are responsible for the bulk of the line emission at
different times. A succession of relatively short–lived flares illumi-
nating different regions of the disc, one or more orbiting reflecting
spots, or disc turbulence/instabilities continuously creating and de-
stroying regions of enhanced emissivity at different locations (e.g.
Armitage & Reynolds 2003; Ballantyne, Turner & Young 2005)
could well produce the observed line variations. Thus, by fitting
the individual line profiles shown in the left panels of Fig. 6 with
a model accounting for non–axisymmetric emissivity on the accre-
tion disc, we might be able to infer some information at least on the
location of the emitting region in the different time–intervals.
We performed such an analysis by modifying our relativistic
line code (Miniutti et al 2003; Miniutti & Fabian 2004), but the
parameter space is too large to allow for a unique solution. We
can however report that good matches with the observed profiles
are obtained by considering emission from one (or two) spot on
the disc, always consistent with a radial distance from the black
hole of about 6–15 rg , but different azimuthal locations in time. It
should be noted, merely as an indication, that we never find solu-
tions with very localised spots on the disc, i.e. the radial and, even
more dramatically, the azimuthal extent of the emitting region is
relatively large (1 rg or more and more than 50 degrees, respec-
tively). The large azimuthal extent is unlikely to be due to orbital
motion because, the large mass of the black hole in this quasar
(∼ 3 × 109 M⊙, e.g. Hao et al 2005) implies a typical orbital
timescale ∼ 250 times longer than that we are exploring here. It is
possible that the black hole mass is not very accurate, but it does
not seem plausible that it is 100 times smaller than estimated.
The azimuthal extent could be the signature of some elongated
structure of enhanced emissivity on the disc such as spiral waves
(Karas, Martocchia & Subr 2001). It is also possible that the accre-
tion disc is not geometrically thin (or not completely) and that some
elevated regions intercept more efficiently than their surroundings
the X–ray illuminating flux coming from the centre. The effect may
be strong if the primary X–ray emission comes from very close to
the central black hole because, in this case, much of the radiation is
beamed along the equatorial plane, so that even small elevations on
the disc would make a dramatic difference in the reflection spec-
trum (see e.g. Miniutti & Fabian 2004).
If elongation due to orbital motion is excluded (see above),
and if the variability is associated with changes in the illumination
of the disc by flares above it, the extent of the emitting regions can
be used to argue against a very small height of the flares above the
disc. A flare located at very small height would produce a much
smaller spot than observed. This result is in line with what was
found in the case of NGC 3516, in which the iron line variability
was best explained by a large spot such as that produced by a coro-
tating flare at few rg above the accretion disc (Iwasawa, Miniutti &
Fabian 2004).
On the other hand, one large spot can be successfully repro-
duced by considering a large number of small height flares occur-
ring close to each other in one main region. Notice that a large
number of independent flares would violate the log–normal distri-
bution of fluxes that is inferred for both AGN and Galactic BHC
from the observed rms–flux relation (Uttley, McHardy 2001; Utt-
ley, McHardy & Vaughan 2005). Indeed, the log–normal distribu-
tion strongly argues against the presence of more than 2–3 indepen-
dent flares. Therefore, if we persist to interpret the emitting regions
as due to flares above the disc (rather than structures on the disc
itself, independently of the illumination), we can retain only two
possibilities: i) one (or two) independent flares are located at a rel-
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Figure 9. Data to model ratio for the three EPIC detectors when the hard pn
model is extrapolated in the soft band. The deficit above 0.5 keV (0.683 keV
in the rest–frame) is the signature of absorption by warm photoionized gas.
We also show as vertical lines the energies of the expected oxygen edges in
the observed frame.
atively large height (few gravitational radii) above the disc, or ii) a
large number of localised, small–height flares occur close to each
other in one (or two) main independent regions, but the individual
flares in each region are not independent.
It is interesting to note that the “thundercloud model” pro-
posed by Merloni & Fabian (2001) seems to lie in between the two
cases. In this model, magnetic flares produce the X–ray continuum
via inverse Compton scattering of soft seed photons. The difference
with other similar models is that the fundamental heating event
must be compact, with size comparable to the disc thickness, but
height at least one order of magnitude larger. Moreover, the heat-
ing event (most likely due to magnetic reconnection) is shown to
proceed in correlated trains (such as in an avalanche) with the size
of the avalanche determining the size and luminosity of the over-
all active region. If the number of simultaneous independent active
regions is limited (and only one or two regions are required by the
data) the model seems able to reproduce the variability we are sug-
gesting here, potentially preserving at the same time the rms–flux
relation and log–normal distribution of fluxes.
6 THE BROADBAND SPECTRUM AND WARM
ABSORBER OF PG 1425+267
To better constrain the soft spectrum of PG 1425+267, we extracted
the MOS spectra as well. If the model we used so far is extended
to the soft band, a clear deficit remains in the 0.5–1 keV band (ob-
served frame), most likely due to intervening absorption in a warm
absorber (see Fig. 5 in which the extension to the soft spectrum
is shown for all XMM–Newton X–ray detectors). Extending the pn
data below 0.5 keV is however not recommended because of some
residual calibration problems that still affect the pn camera below
that energy. Therefore, we used the pn data in the 0.5–8.5 keV range
only, while the MOS data are used in the 0.2–8.5 keV (observed
energy ranges). With the addition of one absorption edge, the fit
is acceptable (χ2 = 1044 for 939 degrees of freedom). However,
the energy of the edge is 0.79 ± 0.03 keV, which is not consis-
tent with either O VII (0.74 keV) nor O VIII (0.87 keV), and the
depth is very large (τ = 0.8 ± 0.1). This probably indicates the
simultaneous presence of two edges at energies below and above
that measured. We then add a second edge, and fix both energies
at the rest–frame values for O VII and O VIII. With this two–edges
model, we find an improvement of ∆χ2 = 16 for the same number
of degrees of freedom with respect to the single–edge model. The
depth of the edges are τOVII = 0.5±0.2 and τOVIII = 0.4±0.2. If
the energy of the edges are free to vary, they tend to slightly higher
values, but are still consistent with the rest–frame energies within
the errors. Very little soft excess is present in the MOS data. How-
ever, the addition of a (redshifted) blackbody component results in
a further improvement in the fit (at more than the 99 per cent level
according to the F–test). The temperature of the thermal emission
component is 80±10 eV, cooler than the typical temperature found
by Porquet et al (2004a) and Piconcelli et al (2005) in their anal-
ysis of the XMM–Newton sample of PG quasars (about 150 eV).
The final power law slope is Γ = 1.55 ± 0.03 and the overall fit is
excellent with χ2 = 1004 for 937 degrees of freedom.
7 CONCLUSIONS
The hard spectrum of PG 1425+267 is characterised by the pres-
ence of an emission feature which is best described by a double–
peaked Fe line profile. The blue peak of the line is consistent
with an energy of 6.4 keV and an unresolved width, and its ori-
gin could well be in some distant reflector. The red peak of the line
(at 5.3 keV) is however redshifted and broad therefore suggesting
emission from the accretion disc. According to Montecarlo simu-
lations, the broad and redshifted part of the line profile is signif-
icant at the 99.1 per cent level. The simplest interpretation of the
time–averaged data is that the accretion disc is acting as a reflec-
tor producing an iron Kα line whose profile is dictated by Doppler
and gravitational shifts in the orbiting gas. The best–fitting model
we find is that of a relativistic line from an accretion disc around a
Schwarzschild black hole providing a statistical improvement with
respect to a simple power law model which is significant at more
than the 99.99 per cent level (F–test). No black hole spin is required
by the data, although emission from within the marginal stable orbit
of a non–rotating black hole cannot be excluded. Due to the quality
of the data, it is not possible to exclude a partial covering model
plus narrow 6.4 keV line as an alternative to the relativistic line.
However, the partial covering model is largely unconstrained and
is not able to well reproduce the broad emission feature at 5.3 keV,
suggesting that the relativistic line is a better explanation of the
hard spectrum. The detection of a broad relativistic line in a radio–
loud quasar argues against a scenario in which, due e.g. to low mass
accretion rate, the disc in such objects is truncated (see also the dis-
cussion in Ballantyne & Fabian 2005).
When the observation is split into quarters, the energy of the
blue peak appears to shift from 6.6 ± 0.2 keV (first quarter of the
observation) to 6.1 ± 0.2 keV (last quarter) in less than 48 ks. The
fast variability and the energy of the blue peak in the last quarter
excludes a strong contribution to the line profile from a constant
6.4 keV iron line from distant material. The large majority (if not
all) of the line profile is therefore likely emitted from a highly dy-
namical medium such as the accretion disc. Moreover bright red-
shifted peaks appear at 4.7±0.2 keV and, with higher significance,
at 5.1+0.1
−0.2 keV in the second and last quarter of the observation re-
spectively. We performed simulations to establish the significance
of the apparent variations in the line profile and found that they are
significant at the 97.3 per cent level.
If the variability is real, it indicates emission from different
regions on the accretion disc at different times in a range of 6–
15 rg from the central black hole. Our understanding of the in-
ner accretion flow in PG 1425+267 would benefit very much from
a future, long, and better quality XMM–Newton observation that
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would allow us to secure (or rule out) any variability on firm
statistical grounds. It is clear (also from previous recent results,
see Iwasawa, Miniutti & Fabian 2004 for the remarkable case of
NGC 3516) that the potential of future missions with much larger
collecting area than XMM–Newton in the Fe K band, such as XEUS
and Constellation–X, is outstanding. The prospects of probing the
strong gravity regime of General Relativity via X–ray observations
of relativistic Fe lines and of their short timescale variability look
stronger now than ever before.
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